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Introduction
Chal is a kind of fermented camel milk and a candidate for usage as a functional food. It is traditionally produced using spontaneous fermentation in Turkman Sahra, Golestan province, Iran. Chal and Chal-like products are known under different names in other countries such as Shubat in Kazakhstan and Turkmenistan in central Asia. Chal is typically prepared by fermentation of camel milk, by adding the previously fermented acidic milk as inoculums, in earthenware jug for 1 or 2 days depending on the season of the production in Iran. Local producers use spontaneous fermentation of milk that results in variable product quality. Accordingly, using lactic acid bacteria (LAB) strains to improve fermentation under controlled conditions is an important step in producing camel fermented milk (Moslehishad et al. 2013b) . Milk proteins are considered as the most important source of a broad range of biologically active compounds (Agamy 2009 ). Bioactive peptides with various activities can be generated during milk fermentation with LAB (Korhonen and Pihlanto 2006; Mills et al. 2011) . The antioxidant properties demonstrated in fermented bovine and camel milk suggest that beside their nutritional value, they are also potential candidates for functional and novel foods to improve health through nutrition (Korhonen 2009) . A broad range of natural bioactive peptides have been found in fermented dairy products, such as yoghurt, sour milk, and cheese (Fitzgerald and Murray 2006) . Beneficial health effects of these peptides include immunomodulatory activities, antioxidative activities (Parrella et al. 2012; Solieri et al. 2015) , antimicrobial (Hernandez et al. 2005) , opioid (Pihlanto-Leppälä 2000) mineral binding (Lorenzen and Meisel 2005) , and ACE inhibitory activities (Yamamoto and Takano 1999; Gobbetti et al. 2004 ). Radical scavenging is the main mechanism by which antioxidants act in foods. Recently, Moslehishad et al. (2013a) demonstrated that fermentation of camel milk with single strains of LAB generated antioxidant activity in the whey fractions. On the other side, it is well documented that bovine milk fermented with proteolytic strains of LAB contains health-promoting bioactive peptides (Fitzgerald and Murray 2006) . In the literature, there is not enough information about bacterial flora and functional properties of the Iranian traditional fermented camel milk (Chal). Therefore, the aim of this study was to isolate wild strains of LAB from Chal and compare their antioxidant activities during the fermentation of camel and bovine milk to produce new functional foods.
Materials and methods

Materials
Camel milk and Chal samples were collected from local camel milk producers in Turkman Sahra, Golestan Province, Iran. Ultra-high temperature (UHT) bovine milk was purchased from Kalleh Dairy Company in Tehran, Iran. All of the milk samples were stored at 4°C during transportation to the laboratory. 2,2′-Azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical, 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), and orthophtaldehyde (OPA) were obtained from Sigma-Aldrich chemie GmbH (Munich, Germany) and bovine serum albumin (BSA) was from Merck, Darmstadt, Germany.
Milk analysis
Bovine and camel milk samples were analyzed for Crude protein (CP) using AOAC method No. 998.05 (AOAC 2002) , milk fat and lactose by a mid-infrared analyzer (Milko-Scan S50; Foss Electric, Hillerød, Denmark), according to AOAC No. 972.16 (AOAC 2002) , total solids (TS) by calculation (fat + Solid Not Fat (SNF)), pH with a potentiometer, and titratable acidity (TA) according to the titrimetric method of AOAC No. 947.05 (AOAC 2002).
Isolation of lactic acid bacteria
Ten Chal samples were collected from local camel milk producers in Turkman Sahra, Golestan Province, Iran, during June and July, 2012. Raw camel milk samples were collected from local producers monthly except camels' mating season. One gram of each sample was added to 9 mL of 0.85% physiological serum, and appropriate dilution was spread plated on de Man, Rogosa, and Sharpe (MRS) agar plates containing 50 mg.L −1 nistatin for inhibiting the yeast growth. Plates were incubated anaerobically in candle jar at 37 ± 1°C for 48 h. Colonies with different morphologies were subcultured again on MRS agar plates for checking the purity. Forty-one isolates were obtained and nine of them were catalase-negative. Isolates were preserved at −80°C, in MRS broth using 15% (v/v) glycerol.
Conventional and molecular identification of LAB strains
Identification of the isolates was performed by biochemical tests such as catalase activity and determination of carbohydrate fermentation and characterized taxonomically according to the criteria described in Bergey's Manual (Kandler and Weiss 1986 ). Each isolate was tested for the ability to ferment carbohydrates. Molecular identification of the isolates was carried out using 16S rRNA sequence analysis. Differentiation of Lactobacillus (L.) plantarum/L. pentosus/L. paraplantarum group species was performed by amplification of recA gene. The primers used were paraF (59-GTC ACA GGC ATT ACG AAA AC-39), pentF (59-CAG TGG CGC GGT TGA TAT C-39), planF (59-CCG TTT ATG CGG AAC ACC TA-39), and pREV (59-TCG GGA TTA CCA AAC ATC AC-39) reported by Torriani et al. (2001) .
Fermentation of milk by isolated LAB strains
The organisms were activated in sterile 5-mL aliquots of MRS broth at 37°C for 24 h. Then, 1 mL of each culture was added to 10-mL sterile aliquots of MRS broth and incubated at 37°C for 24 h as preculture to obtain approximately 10 8 colony-forming units (cfu).mL −1 . The cultures were centrifuged at 5000×g for 15 min to separate the bacteria. The biomass was then inoculated into UHT bovine and pasteurized (70°C for 20 min) camel milk to obtain approximately 10 7 cfu.mL −1 as inoculums and incubated at 37°C for 24-48 h. Aliquots (5 mL) of each sample were taken to determine pH and TA during the fermentation.
After 24 h of fermentation, cell population of the bacteria was determined by counting colony-forming units (cfu) on MRS agar at 37°C for 48 h in candle jar under enriched CO 2 . The whey fraction of the fermented bovine and camel milk was separated by adjusting pH at 4.6 and centrifugation at 20,000×g for 20 min and the supernatant stored at 20°C for further analysis. Fresh camel and bovine milk without the bacteria were used as control.
Characterization of fermented milk samples
The protein contents of the samples were measured by Lowry method modified by Hartree (1972) , and bovine serum albumin was used as a standard. The proteolytic activity was determined with the OPA method described by Church et al. (1983) . Lleucine was used as a standard. The sample was mixed with 1 mL of OPA reagent, and after 2-min incubation at room temperature, the absorbance was measured with a spectrophotometer at 340 nm (PG Instraments Ltd., model T80+).
Determination of antioxidant activity
DPPH radical scavenging activity
The antioxidant activity was evaluated by the DPPH radical scavenging activity described by Son and Lewis (2002) . DPPH radical solution (0.002%, w/v) in 95% ethanol was prepared. A volume of 1800 μL of DPPH in ethanol was added to 200 μL of whey fraction with the concentration of 1 mg.mL −1 , well vortexed and incubated for 30 min in dark room at room temperature. Absorbance of each sample at 517 nm was measured using UV-Visible spectrophotometer (PG Instruments Ltd., model T80+). Ethanol was used as a blank, while DPPH solution in ethanol served as control. The antioxidant activity was expressed as percentage of DPPH activity calculated as
The Trolox standard curve was used for determination of Trolox equivalent antioxidant capacity (TEAC).
ABTS radical scavenging activity
The scavenging of ABTS radical by the whey fractions was assayed by a method described by Re et al. (1999) . One milliliter of diluted ABTS radical solution in 5 mmol.L −1 of phosphate-buffered saline (PBS) was added to 25 μL of whey fraction with the concentration of 1 mg.mL −1 and Trolox in ethanol or distilled water (blank), and after 2 min, the absorbance was measured at 734 nm.
Sensory evaluation of fermented milks
A panel of 20 untrained assessors evaluated the sensory attributes of the fermented camel and bovine milk based on the method developed by International Dairy Federation (Karagul-Yuceer and Drake 2006). The samples were codified and presented to the panelist in randomized order as suggested. Each panel was presented with two groups (camel and bovine milk fermented by six isolates with "Qualified Presumption of Safety" (QPS) status). Each group includes six coded fermented milk samples. They were asked to rinse their mouth with water between each sample testing. The evaluation of the product was carried out on taste, aroma, texture, and overall acceptability on a seven-point hedonic scale by panelists (0 = dislike extremely; 7 = like extremely).
Statistical analysis
All data were subjected to one-way analysis of variance (ANOVA) using SPSS 16.0 software (SPSS INC., Chicago, IL, USA, 2002) , and the individual samples were compared (on a 0.05 level of significance) by the Tukey's HSD multiple comparison test.
3 Results and discussion
Chemical composition of milk
Chemical composition of camel and bovine milk used in this study was analyzed. Table 1 presents the chemical components of raw camel and bovine milk. Mean value for crude protein (CP) in camel milk was significantly higher than bovine milk (P < 0.05). Camel milk contained higher fat, TA, and TS values compared to bovine milk (P < 0.05). Yoganandi et al. (2014) reported that the fat, TS, and CP contents in bovine milk were higher than in camel milk. On the other hand, bovine milk had significantly higher lactose content than camel milk (P < 0.05). Mean values for fat and lactose content in camel milk were 4.00 ± 0.20 g/100 g and 3.44 ± 0.08 g/100 g while those reported by Bahobail et al. (2014) were 3.2 g/100 g and 4.6 g/100 g, respectively. This could be attributed to seasonal variations, feeding conditions, and geographical origin (Yoganandi et al. 2014) . 
Conventional and molecular Identification of LAB strains
The transferred samples at 4°C from Golestan Province, Iran, were examined for isolation of microbial population. Nine isolates were obtained, of which five were from Chal samples and four isolates obtained from raw camel milk samples. The isolates were identified by morphological and biochemical tests, according to Bergey's manual (Kandler and Weiss 1986) . The isolates were identified by 16S rRNA gene sequencing analysis using polymerase chain reaction (PCR). The 16S rRNA gene sequences of isolates showed more than 99.8% similarity to those of the reference strains. Nine isolates were accurately designated to eight species, namely, L. plantarum/L. pentosus/L. paraplantarum (two isolates), L. kefiri, L. gasseri, L. paracasei, Leuconostoc (Leu.) lactis, Weissella (W.) cibaria, and Enterococcus (E.) faecium (two isolates). The two isolates were identified as belonging to the L. plantarum/L. pentosus/L. paraplantarum group which were distinguished by a multiplex PCR based on recA gene sequence analysis. The results showed that one of the isolates belonged to L. plantarum while the other isolate was identified as L. paraplantarum. Among these isolates, E. faecium and W. cibaria are not included in the list of taxonomic units proposed by the European Food Safety Authority (EFSA) for QPS status. Although members of the Lactobacillus genus are daily consumed in large quantities in a variety of fermented foods, there is an increasing number of reports that they might occasionally be involved in human disease and many Lactobacillus species have been occasionally encountered in clinical specimens. However, the clinical significance of which was not always clear (EFSA 2007 ). An individual examination of all isolates is in progress to ensure the safety of strains.
Cell growth and pH changes during the fermentation
Viable counts of bacteria and pH changes show growth and activity rate of isolated bacteria. The growth rate and activity of isolated bacteria in both camel and bovine milk were examined by measuring the viable counts and pH (acid production), respectively. The bacterial counts of fermented camel and bovine milk ranged between 7.30 to 9.04 and 7.17 to 10.17 log cfu.mL −1 , respectively, after the 24 h of fermentation (Fig. 1) . The growth rate of L. gasseri SM05 and W. cibaira SM09 was significantly (P < 0.05) lower than the others, while L. plantarum SM06, L. paracasei SM09, and Leu. lactis SM10 showed a significantly higher growth rate in both camel and bovine milks. As expected, all LAB strains showed the ability to acidify camel and bovine milk after 24 h of fermentation at 37°C (Fig. 2) , and these can be explained with the ability of LAB to breakdown hexoses to lactic acid (Arici et al. 2004; Parrella et al. 2012; Widyastuti et al. 2014 ). There was a good relationship between the growth rate of bacteria and pHlowering activity so that the bacteria with low growth rate could not reduce pH contrary to those with high growth rate. As shown in Figs. 1 and 2 , the ability of strains to grow in milk and reduce the pH was different and Leu. lactis SM10 and W. cibaria SM09 showed, respectively, the lowest and highest pH values in both fermented camel and bovine milk. The reduction of pH was greater in camel milk than in bovine milk, and as shown in Fig. 2 , the final pH of fermented camel milk samples was less comparing to fermented bovine milks. This can be explained by lower buffering capacity of fermented camel milk than that of bovine milk (Al haj and Al Kanhal 2010; Al-Saleh and Hammad 1992). The decrease in cell growth observed between 24 and 48 h in some fermentation batches (data not shown) may be due to the production of lactic acid in media by growing lactic acid bacteria, which can inhibit bacterial growth at high concentrations (Leroy and De Vuyst 2001) . 
Protein hydrolysis in fermented milk
Peptides are the result of proteolysis of milk proteins by LAB that are necessary for sustained growth of these bacteria in milk (Zhang et al. 2014) . A broad range of natural bioactive peptides have been found in fermented dairy products, such as yoghurt, sour milk, and cheese (Fitzgerald and Murray 2006) . Protein hydrolysis in fermented milks was determined in fermentation batches after 24 and 48 h of fermentation (data not shown for 48 h fermentation). As shown in Fig. 3a , the OPA values in fermented camel milk by L. plantarum SM06 and L.paraplantarum SM01 were significantly higher than the others as also the growth rate of these strains was significantly higher (P < 0.05); on the other hand, the OPA values in fermented camel milk by Leu. lactis SM10, E. faecium SM03, and L. paracasei SM04 were significantly lower (P < 0.05). In fermented bovine milks, the OPA values were closer to each other and strains Leu. lactis SM10, W. cibaria SM09, E. faecium SM08, L. plantarum SM06, and L. gasseri SM05 significantly showed high protein hydrolysis (P < 0.05). These data were consistent with the results reported by Abu-Taraboush et al. (1998) that the rate of proteolysis did not follow the rate of biomass production. As discussed earlier, LAB use free amino acids (FAAs) as growth factors during fermentation since FAA content could be higher in fermentation batches with low growth rate of bacteria (Cheng and Nagasawa 1986) . In fermented camel milk samples, proteolysis in most of the cases increased as fermentation time increased (data not shown) that agreed with the data reported by Abu-Tarboush (1996) . The results showed that fermented milks by L. kefiri SM02 and L. gasseri SM05 values of protein hydrolysis in camel milk were greater than in bovine milk, while bovine milks fermented by E. faecium SM03, L. paracasei SM04, and Leu. lactis SM10 showed higher proteolytic activity comparing to fermented camel milks. Moslehishad et al. (2013a) reported approximately similar values of proteolytic activity in camel and bovine milks fermented by L. rhamosus. However, the differences might be due to the difference of bacteria and source of the milk used for the study. The differences in the protein hydrolysis by bacteria in both camel and bovine milk could have been attributed to the differences in protein byproducts in camel and bovine milk and the differences among species.
Determination of antioxidant activity
The antioxidant activity of whey fractions from fermented milks by LAB has been mentioned in several studies (Balakrishnan and Agrawal 2014) and expressed in various ways, and the conflicting results have been obtained. In the present study, we evaluated the antioxidant activity of whey fractions of fermented milks against two different ABTS and DPPH radicals. Whey fractions from fermented camel milk showed higher antioxidant activity than in bovine milk based on both ABTS and DPPH assays. These results were consistent with those reported by Moslehishad et al. (2013a) who expressed that peptide fractions from camel milk fermented by L. rhamnosus showed higher antioxidant activity than in bovine milk. This shows that the nature and composition of milk are important factors in antioxidant activity. Based on ABTS radical scavenging activity, the antioxidant activity of the whey fraction from unfermented camel and bovine milk was 151.83 and 90.21 μM TE, respectively. After 24 h of fermentation in all of the batches, the antioxidant activity of fermented milks increased. Virtanen et al. (2007) reported that the antioxidant activity increased during the fermentation in some of the cases. The antioxidant activity was not directly influenced by protein hydrolysis of the whey fractions as the camel milk fermented by Leu. lactis SM10 with low proteolytic activity (3.44 ± 0.04 mg Leu.mL −1 ) showed significantly the highest DPPH radical scavenging activity (57.90 ± 4.59 μM TE) while the ABTS radical scavenging activity was also high (1484.35 ± 128.20 μM TE) (P < 0.05). In fermented bovine milk samples, Leu. lactis SM10 showed significantly the highest ABTS radical scavenging (311.66 ± 1.99 μM TE) and protein hydrolysis activity (8.25 ± 1.62 mg Leu.mL −1 ; P < 0.05) while the DPPH radical scavenging activity was not significantly higher than others. It can therefore be concluded that specifications of the proteolytic enzymes of bacterial strains are more effective on the radical scavenging activity comparing to high proteolytic state of fermented product (Virtanen et al. 2007) .
As shown in Figs. 4 and 5, the whey fractions from both fermented camel and bovine milks exhibited much lower antioxidant capacities as measured by DPPH assay relative to ABTS assay. This may be because of different radical scavenging mechanisms and sensitivity of two assay methods in hydrophilic and lipophilic antioxidant systems. The same results were previously reported by Mirzaei et al. (2015) . 
Sensory evaluation of fermented camel and bovine milks
Twenty assessors were contributed to characterize sensory properties of fermented milks. The results indicated that the taste acceptance of fermented camel milk samples was ranged between 3.36 ± 0.41 and 1.72 ± 0.40 (Table 2 ). Camel milk fermented by Leu. lactis SM10 and L. gasseri SM05 had the highest score. The mean value for aroma acceptance of fermented camel milk samples was between 2.09 ± 0.41 and 3.57 ± 0.45. As in the previous results, fermentation of camel milk by Leu. lactis SM10 and L. gasseri SM05 was recorded with the highest scores. Camel milk fermented by L. kefiri SM02 had the lowest score in both taste and aroma acceptance (P < 0.05). The texture acceptance was rated between 2.81 ± 0.61 and 4.57 ± 0.32 for fermented camel milk samples ( Table 2) . Fermentation of camel milk by Values with different superscript lowercase letters in a column are statistically significant at P < 0.05 L. paracasei SM04 and L. plantarum SM06 had the highest score for texture acceptance, while the one fermented by L. kefiri SM02 had the lowest score. Camel milk fermented by Leu. lactis SM10 (5.90 ± 2.70) and L. kefiri SM04 (1.81 ± 0.35 ) had the highest and lowest overall acceptance values. The taste acceptance of fermented bovine milk samples was rated between 3.18 ± 0.42 and 4.60 ± 0.37. Bovine milk fermented by L. gasseri SM05 and Leu. lactis SM10 had the highest score while fermentation by L. plantarum SM01 had the lowest score for taste acceptance. The range of texture acceptance for fermented bovine milk samples was between 3.20 ± 0.35 and 4.60 ± 0.40 while the bovine milk fermented by L. plantarum SM06 had the highest score. The overall acceptance of fermented bovine milk samples was ranged between 3.30 ± 0.30 and 4.30 ± 0.36, and the sample fermented by L. gasseri SM05 had the highest score.
Conclusion
In this study, the fermentation of camel and bovine milk by LAB isolated from the Iranian traditional dairy product (Chal) under controlled conditions was investigated and the antioxidant activity of the whey fractions was evaluated. The antioxidant activity was measured by ABTS and DPPH free radical scavenging activities. It was demonstrated that the antioxidant activity of fermented camel milk was greater than that of bovine milk. On the basis of these results, several LAB strains showed ability to produce antioxidant activity by fermentation of both milk types. Strain Leu. lactis SM10 showed significantly high antioxidant activity (P < 0.05) after fermentation of camel and bovine milk by DPPH and ABTS radical scavenging activity with relatively good organoleptic properties. Isolation of the LAB from traditional fermented camel milk samples such as Chal and evaluation of the antioxidant activity and organoleptic properties of fermented milks by these isolates such as Leu. lactis SM10 could be useful for the development of new fermented milk products as functional food.
